ABSTRACT
INTRODUCTION
Laparoscopic surgery has become a rapidly growing alternative technique to conventional open surgery for many types of surgical procedures because of its minimal invasiveness, reduced risk of haemorrhage, lower post-operative pain, and a consequent earlier discharge [1] [2] [3] . An adequate surgical exposure requires the application of a carbon dioxide (CO 2 ) pneumoperitoneum (PP) and often a concomitant steep head-down position (up to 45 degrees, Trendelenburg position).
PP and the consequent increased intra-abdominal pressure can have many systemic physiological consequences including decreased venous return, hypercapnia and respiratory acidosis due to absorption of CO 2 across the peritoneal surface 4, 5 .
Haemodynamic and respiratory effects are generally mild and well tolerated 6 .
The effects of PP and Trendelenburg position on intracranial pressure (ICP) are poorly documented, but there is growing evidence that demonstrates positive correlation between intraabdominal pressure and ICP 7, 8 . In an animal model, ICP increased significantly during raised intra-abdominal pressure (15mmHg) combined with Trendelenburg position 9 .
The effect of PP and Trendelenburg position on ICP cannot be easily determined intraoperatively 10 as invasive ICP monitoring is contraindicated in this group of patients because of the possible complications 11 . Therefore, in particular for patients at risk of developing intracranial hypertension during laparoscopic surgery, a non-invasive
METHODS
The study was approved by the institutional ethics committee on the 10 th April 2015, (Registration Number 029REG2015) and written informed consent was obtained from all participants. Forty-three American Society of Anaesthesiologists (ASA) class I to II adult patients undergoing abdominal laparoscopic surgery requiring pneumoperitoneum and Trendelenburg position were initially enrolled between May 2015 and October 2015 at Galliera Hospital, Genova, Italy.
Patients younger than 18 years, with pre-existing ophthalmic diseases, a history of ophthalmic surgery or affected by any kind of neurological disease were excluded. In three cases, an appropriate temporal window for TCD measurement could not be found, and such patients were excluded from the cohort.
On arrival in the surgical suite, standard monitoring was applied, including pulseoximetry, electrocardiography, and non-invasive arterial blood pressure. Patients were not pre-medicated. After preoxygenation, general anaesthesia was induced with intravenous propofol (1.5 mg/kg), and fentanyl (1 μg/kg). To facilitate endotracheal intubation, cisatracurium besilate (0.15 mg/kg) was administered intravenously.
Mechanical ventilation was performed with a tidal volume of 8 mL/kg and respiratory rate was adjusted to maintain an end-tidal carbon dioxide (ETCO 2 ) of 4.6 to 5.5 kPa during surgery. Anaesthesia was maintained with remifentanil 0.05 to 0.2 μg/kg/min and 1 to 1.5 minimum alveolar concentration (MAC) of sevofluorane in 50% oxygen/air. A sample size calculation was performed using power analysis based on differences between means (power analysis with a paired t-test), in which a power of 80%, significance level of 5% and medium Cohen's "d" effect size (d = 0.5) were considered.
This test yielded a sample size of 34 individuals for detecting the specified effect. In order to comply with this inference, data from 40 individuals were used in this work.
The level of significance was set at 0.05. Statistical analyses were performed using R Studio software (R version 3.1.2). All ROC curve analyses was performed using pROC package 16 for R software.
RESULTS
A total of 40 ASA The mean age of the study participants was 52.8 ± 18.7 (range 34-79). The mean height was 169.2 ± 9.9 cm and the mean weight was 70.9 ± 17.9 kg. Eight patients had a diagnosis of hypertension (20%), three suffered from Chronic Obstructive Pulmonary Diseases (COPDs) (7.5%), two from diabetes (5%), 11 were affected with obesity (27.5%) and 8 were smokers (20%).
The mean duration of surgery was 110.1 ± 47.7 min; the mean duration of PP was 81 ± 36.6 min and the mean fluid administration was 1652 ± 590.5 mL. None of the patients received any vasoactive drugs during the study period.
In 
DISCUSSION
The primary objective of this work was to use non-invasive ICP assessment procedures to discover potential changes of ICP during laparoscopy. Nevertheless, in order to provide the reader a quantitative assessment of the application of these non-invasive ICP methods in clinical practice, we also discuss and compare the use of each method as a secondary objective of this work.
Our results demonstrate that laparoscopic surgery in the Trendelenburg position increases estimated ICP based on ONSD and TCD techniques. Such an increase was rarely above 20 mmHg, demonstrating that in patients with no neurological diseases, it is unlikely that the estimated increase in ICP has clinical significance.
It is well known that intra-abdominal CO 2 insufflation is associated with an increase of 42 . Taken together, these data indicate that the concomitance of PP and Trendelenburg position causes an increase of ICP that can be detected with non-invasive methods; the effects of PP alone seem to be less strong, even if an increase of ICP can be detected with ICP FVd method. CO 2 increases due to PP and the consequent cerebral vasodilatation may act as the main mechanism involved in the observed ICP increase. However, in our study, ETCO 2 never increased above 6 kPa, which is considered the threshold for risk of deranged cerebrovascular reactivity in patients during sevoflurane anaesthesia 43 .
Effects of PP and
Finally, in our study, PP and Trendelenburg position did not significantly alter ABPm or estimated CPP. Thus, the increase in ICP FVd in our cohort, mathematically estimated via changes in ABPm and diastolic cerebral blood flow velocity, is unlikely to be explained by haemodynamic changes, or reduction of CPP.
Our results suggest that in patients at risk of developing intracranial hypertension (such as cerebral tumours, or any previous neurological diseases) undergoing laparoscopic procedures, a non-invasive assessment of ICP would be useful to assess and eventually treat pathological increases of ICP (with the use of osmotic agents, hyperventilation,
converting to an open procedure or even abandoning the procedure).
Limitations
In this study, there are several limitations to be mentioned. Primarily, this study did not compare non-invasive with invasive methods and therefore the absolute accuracy of these nICP methods cannot be assessed. As previously demonstrated 41, 42 , non-invasive methods to assess ICP, in particular TCD-derived methods, are very helpful to detect relative changes of ICP but they are less accurate in the absolute measurement of ICP.
As a result, they are more useful to distinguish the changes of nICP values for the individual patients between the different time points, rather than to assess ICP "as a number".
Moreover, a more accurate estimation of the effects of PP and Trendelenburg position on cardiac and cerebral haemodynamics would require more aggressive monitoring, including the measurement of invasive ABPm with arterial blood gases measurement of partial pressure of carbon dioxide (PCO2), cardiac output, and central venous pressure (CVP) to determine the degree of venous drainage impairment. However, due to the lack of evidence supporting the use of invasive hemodynamic monitoring in patients undergoing elective laparoscopic procedures, these techniques were not performed.
The complicated relationship between CVP increase and CPP decrease during Trendelenburg position has been previously studied 44 . In particular, changes in CPP observed in Trendelenburg position can be in this setting related to changes in CVP. Finally, the current cohort included patients undergoing different procedures, potentially introducing heterogeneity to our results. However, every effort was made to minimise unnecessary heterogeneity; all patients were ASA grade 1 or 2, all patients were submitted to the same degree of Pneumoperitoneum and Trendelenburg position, and all measurements were made at the same time-points; therefore, we believe that this is a relatively homogenous group of patients with respect to cerebral haemodynamics. (see table 2 ).
CONCLUSION

